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ISOIATION OF SUBTERRANEAN ZONES 



BACKGROUND OF THE IN VENTION 

This invention relates generally to oil and gas 
5 exploration, and in particular to isolating certain 
subterranean zones to facilitate oil and gas 
exploration. 

During oil exploration, a wellbore typically 
traverses a number of zones within a subterranean 
10 formation. Some of these subterranean zones will 

produce oil and gas, while others will not. Further, 
it is often necessary to isolate subterranean zones 
from one another in order to facilitate the exploration 
for and production of oil and gas. Existing methods 
15 for isolating subterranean production zones in order to 
facilitate the exploration for and production of oil 
and gas are complex and expensive. 

The present invention is directed to overcoming 
one or more of the limitations of the existing 
20 processes for isolating subterranean zones during oil 
and gas exploration. 



SUMMARY OF THB INVENTION 

According to one aspect of the present invention, 
25 there is provided a system for extracting fluidic 
materials from one or more subterranean formations 
traversed by a wellbore, comprising one or more solid 
tubular members positioned within the wellbore, one or 
more of the solid tubular members including one or more 
30 external seals; one or more slotted tubular members 

positioned within the wellbore coupled to each of the 
solid tubular members for extracting fluidic materials 
from one or more of the subterranean formations/ and a 
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shoe positioned within the wellbore coupled to one of 
Che slotted tubular members, wherein one or more of the 
solid tubular members are radially expanded into 
intimate contact with the wellbore, 
5 According to another aspect of the present 

invention, there is provided a method of isolating a 
first subterranean zone from a second subterranean zone 
in a wellbore, comprising positioning one or more 
primary solid tubulars within the wellbore, each of the 
10 primary solid tubulars traversing the first 

subterranean zone; positioning one or more slotted 
tubulars within the wellbore, each of the slotted 
tubulars traversing the second subterranean zone; 
fluidicly coupling the slotted tubulars and the solid 
15 tubulars; and preventing the passage of fluids from the 
first subterranean zone to the second subterranean zone 
within the wellbore external to the solid and slotted 
tubulars by radially expanding at least one of the 
primary solid tubulars into intimate contact with the 
20 wellbore. 

According to another aspect of the present 
invention, there is provided a method of extracting 
materials from a producing subterranean zone in a 
wellbore, at least a portion of the wellbore including 
25 a casing, comprising positioning one or more primary 
solid tubulars within the wellbore; fluidicly coupling 
the primary solid tubulars with the casing; positioning 
one or more slotted tubulars within the wellbore, the 
slotted tubulars traversing the producing subterranean 
30 zone; fluidicly coupling the slotted tubulars with the 
solid tubulars; fluidicly isolating the producing 
subterranean zone from at least one other subterranean 
zone within the wellbore by radially expanding at least 
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one of the solid tubulars into intimate contact with 
the wellbore; and fluidicly coupling at least one of 
the slotted tubulars with the producing subterranean 
zone . 

5 According to another aspect of the present 

invention, there is provided apparatus comprising . 

one or 

more solid tubular members positioned within «v 
wellbore, each of the solid tubular members including 
10 one or more external seals; one or more slotted tubular 
members positioned within the wellbore coupled to the 
solid tubular members; and a shoe positioned within the 
wellbore coupled to one of the slotted tubular members ,- 
wherein at least one of the solid tubular members and 
15 the . slotted tubular members are formed by a radial 
expansion process performed within the wellbore in 
which at least one of the solid tubular members and the 
slotted tubular members are radially expanded into 
intimate contact with the wellbore. 
20 According to yet another aspect of the present 

invention, there is provided a system for extracting 
materials from a producing subterranean zone in a 
wellbore. at least a portion of the wellbore including 
a casing, comprising means for positioning one or more 
25 primary solid tubulars within the wellbore; means for 
fluidicly coupling the primary solid tubulars with the 
casing; means for positioning one or more slotted 
tubulars within the wellbore, the slotted tubulars 
traversing the producing subterranean zone; means for 
30 fluidicly coupling the slotted tubulars with the solid 
tubulars; means for fluidicly isolating the producing 
subterranean zone from at least one other subterranean 
zone within the wellbore; means for fluidicly coupling 
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at least one of the slotted tubulars with the producing 
subterranean zone; and means for radially expanding at 
least one of the solid tubulars and the slotted 
tubulars into intimate contact with the wellbore. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a fragmentary cross -sectional view 
illustrating the isolation of subterranean zones. 

10 DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

An apparatus and method for isolating one or more 
subterranean zones from one or more other subterranean 
zones is provided. The apparatus and method permits a 
producing 2one to be isolated from a nonproducing zone 

15 using a combination of solid and slotted tubulars. in 
the production mode, the teachings of the present 
disclosure may be used in combination with 
conventional, well known, production completion 
equipment and methods using a series of packers, solid 

20 tubing, perforating tubing, and sliding sleeves, which 
will be inserted into the disclosed apparatus to permit 
the commingling and/ or isolation of the subterranean 
zones from each other. 

Referring to Fig. 1, a wellbore 105 including a 

25 casing 110 are positioned in a subterranean formation 
115. The subterranean formation 115 includes a number 
of productive and non-productive zones, including a 
water zone 120 and a targeted oil sand zone 125. 
During exploration of the subterranean formation 115, 

30 the wellbore 105 may be extended in a well known manner 
to traverse the various productive and non-productive 
zones, including the water zone 120 and the targeted 
oil sand zone 125. 
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In a preferred embodiment, in order to fluidicly 
isolate the water zone 120 from the targeted oil and 
sand zone 125, an apparatus 130 is provided that 
includes one or more sections of solid casing 135, one 
5 or more external seals 140, one or more sections of 
slotted casing 145, one or more intermediate sections 
of solid casing 150, and a solid shoe 155. 

The solid casing 135 may provide a fluid conduit 
that transmits fluids and other materials from one end 

10 of the solid casing 135 to the other end of the solid 
casing 135. The solid casing 135 may comprise any 
number of conventional commercially available sections 
of solid tubular casing such as, for example, oilfield 
tubulars fabricated from chromium steel or fiberglass. 

15 In a preferred embodiment, the solid casing 135 

comprises oilfield tubulars available from various 
foreign and domestic steel mills. 

The solid casing 135 is preferably coupled to the 
casing 110. The solid casing 135 may be coupled to the 

20 casing 110 using any number of conventional 

commercially available processes such as, for example, 
welding, slotted and expandable connectors, or 
expandable solid connectors. In a preferred 
embodiment, the solid casing 135 is coupled to the 

2 5 casing 110 by using expandable solid connectors. The 

solid casing 135 may comprise a plurality of such solid 
casing 135. 

The solid casing 135 is coupled to one more of the 
slotted casings 145. The solid casing 135 may be 
30 coupled to the slotted casing 145 using any number of 
conventional commercially available processes such as, 
for example, welding, or slotted and expandable 
connectors. In a preferred embodiment . the solid 
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casing 135 is coupled to the slotted casing 14 5 by 
expandable solid connectors. 

In a preferred embodiment, the casing 135 includes 
one more valve members 160 for controlling the flow of 
S fluids and other materials within the interior region 
of the casing 135. In an alternative embodiment, 
during the production mode of operation, an internal 
tubular string with various arrangements of packers, 
perforated tubing, sliding sleeves, and valves may be 
10 employed within the apparatus to provide various 

options for commingling and isolating subterranean 
zones from each other while providing a fluid path to 
the surface. 

In a particularly preferred embodiment, the casing 
15 135 is placed into the wellbore 105 by expanding the 
casing 135 in the radial direction into intimate 
contact with the interior walls of the wellbore 105. 
The casing 13S may be expanded in the radial direction 
using any number of conventional commercially available 
20 methods. 

The seals 140 prevent the passage of fluids and 
other materials within the annular region 165 between 
the solid casings 135 and 150 and the wellbore 105* 
The seals 140 may comprise any number of conventional 
25 commercially available sealing materials suitable for 
sealing a casing in a wellbore such as, fox example, 
lead, rubber or epoxy. In a preferred embodiment, the 
seals 140 comprise Stratalok epoxy material available 
from Halliburton Energy Services. The slotted casing 
30 145 permits fluids and other materials to pass into and 
out of the interior of the slotted casing 145 from and 
to the annular region 165. In this manner, oil and gas 
may be produced from a producing subterranean zone 
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within a subterranean formation. The slotted casing 
14 5 may comprise any number of conventional 
commercially available sections of slotted tubular 
casing. In a preferred embodiment, the slotted casing 
145 comprises expandable slotted tubular casing 
available from Petroline in Aberdeen, Scotland- In a 
particularly preferred embodiment, the slotted casing 
145 comprises expandable slotted sandscreen tubular 
casing available from Petroline in Aberdeen, Scotland. 

The slotted casing 145 is coupled to one or more 
solid casing 135- The slotted casing 145 may be 
coupled to the solid casing 135 using any number of 
conventional commercially available processes such as, 
for example, welding, or slotted or solid expandable 
connectors. In a preferred embodiment, the slotted 
casing 145 is coupled to the solid casing 135 by 
expandable solid connectors. 

The slotted casing 145 is preferably coupled to 
one or more intermediate solid casings 150 . The 
slotted casing 145 may be coupled to the intermediate 
solid 
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( -vang 150 using any number of conventkmal commercially available processes 
such as, for example, welding or expandable solid or slotted connectors. In e 
preferred embodiment, the slotted easing 145 is coupled to the intermediate solid 
casing 150 by expandable solid connectora. 

5 The last slotted casing 145 is preferably coupled to the shoe 155. The last 

slotted casing 145 may be coupled to the shoe 155 using any number of 
conventional commercially available processes such as, for example, welding or 
expandable solid or slotted connectors. In a preferred embodiment, the last slotted 
casing 145 is coupled to the shoe 155 by an expandable solid connector. 

10 In an alternative embodiment, the shoe 1C5 is coupled directly to the last 

one of the intermediate solid casings 150. 

In a preferred embodiment, the slotted casings 145 are positioned within the 
weDbore 105 by expanding the slotted casings 145 in a radial direction into 
intimate contact with the interior walls of the wellbore 105. The slotted casings 
15 145 may be expanded in a radial direction using any number of conventional 
commercially available proc e sse s . 

The intermediate solid 150 permits fluids and other materials to pass 
between adjacent slotted casings 145. The intermediate solid casing 150 may 
comprise any number of conventional commercially available sections of solid 
20 tubular casing such as, for example, oilfield tubulars fabricated from chromium 
steel or fiberglass. In a preferred enihodiment, the intermediate solid casing 150 
comprises oilfield tubulars available from foreign and domestic steel mills. 

The intermediate solid casing 150 is preferably coupled to one or more 
sections of the slotted casing 146. The mtermediate solid casing 150 may be 
25 coupled to the slotted casing 145 using any number of conventional commercially 
available processes such as, for example, welding, or solid or slotted expandable 
connectors. In a preferred embodiment, the mtermediate solid casing 150 is 
coupled to the slotted casing 145 by expandable solid connectors. The 
intermediate solid casing 160 may comprise a plurality of such intermediate solid 
30 150. 

In a preferred ennxxhment, each intermediate solid casing 150 includeaone 
more valve members 170 for controlling the flow of fluids and other materials 
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,-Htbin the interior region of the intermediate casing 150. In an alternative 
embcxliiiient.aswmbe 

the benefit of the present disclosure, during the production mode of operation, a* 
eternal tubular string with various arrangements of packers, perforated tubing, 
5 sliding sleeves, and valves may be employed within the apparatus to provide 
varicnis options for conmiinglm^ 
while providing a fluid path to the surface. 

In a particularly preferred einbodiment, the intermediate casing 150 is 
placedintothewellbore losbyexpandiiigthemte^ 
10 direction into intimate contact with the interior walls of the wellbore 105. The 
totermediatecaitoglBOmayte 
of conventional corranercially available methods. 

In an alteTr^trve embodiment, one or more of the intermediate solid casings 
150 may be omitted. In an alternative preferred embodiment, one or more of the 
15 slotted casings 145 are provided with one or more seals 140. 

The shoe 155 provides a support member for the apparatus 130. In this 
nxanner, various production and exploration tools may be supported by the show 
160. The shoe 150 may comprise any number of conventional cormnermally 
available shoes suitable for use In a wellbore such as, &r example, cement filled 
20 shoe,oranarummvnnorannposite6hoe. mapreferredemr^dinent, the shoe 150 
comprises an alurninum shoe available from Halliburton. In a preferred 
erm^iment.theahcelSSis 

and tension to permit the uae of high capadly production and exploration tools. 
In a particularly preferred embodiment, the apparatus 130 includes a 
25 plurality of solid casings 135, a plurality of seala 140, a plurality of slotted casings 
14B, a plurality of totermediate solid casings 150, and a shoe 155. More generally, 
thfl'apr^tUB 130 inay commit 

more valve members 160,nslottedcaamgs 145, n-1 mtermediate soM^singB 150, 
each with one or more valve members 170, and a shoe 165. 
30 During operation of the apparatus 130, oil and gas may be controllabry 

produced from the targeted oil w d soi» 125 using tb* slotted a^drigs 146. The 
on and gas may then be transported to a surface lcoitkm usteg the soM casing 
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(- T6. The use of intermediate solid aistegs 150 with valve members 170 permits 
isolated sections of the zona 125 to be selectively isolated for production. Theseals 
140perndtthezoMl25tobefhiidii^i^lated^mthezonel20. ThesealaHO 
further permits isolated sections of the rone 126 to be fluididy isolated ir<mi each 
5 other. Inthismminer, the apparatus 130 permitsunwanted and/or non-productive 
subterranean zones to be fluidicly isolated. 

In an alternative embodiment, as will be recognized by persons having 
ordinary skill in the art and also having the benefit of the present disclosure, 
during the production mode of operation, an mternal tubular string wftiv^ 
10 arrangements of packers, perforated tubing, sliding sleeves, and valves may bo 
employed within the apparatus to provide various options for commingling and 
isolating subterranean zones from each other while providing a fluid path to the 
surface. 

An apparatus has been described that includes one or more solid tubular 
15 members, one or more slotted tubular members, and a shoe. Each solid tubular 
member includes one or more external seals. The slotted tubular members are 
coupled to the solid tubular members. The shoe is coupled to one of the slotted 
tubular members. In a preferred embodiment, the apparatus further includes one 
or more intermediate solid tubular members coupled to and interleaved among the 
20 slotted tubular members. Each mtermediate solid tubular member preferably 
includes one or mere external seals. In a preferred emb<xiiment, one or more of 
the solid tubular members include one or more valve members. In a preferred 
embodiment, one or more of the intermediate solid tubular members include one 

or more valve members. 

25 An apparatus has been described that includes one or more primary solid 

tubulars, n slotted tubulars, n-1 mtermediatB solid tubulare, and a shoe. Each 
primary soUdtobiilaruidudescw Theslotted 
tubulars are coupled to the rmmary solid tubulars. The tatermediate solid 
tubulars are coupled to and interleaved among the slotted tubulars. Each 

30 Intermediate solid tubular includes one or more external annular seals. The shoe 
Is coupled to one of the slotted tubulars. 
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^ Ainrtlu^ nf isolating a first mbtgrranean20Qie£ramaflecond subterranean 

zone in a wellbore has been described that includes positioning one or more 
primary solid tubulars and one or more slotted tubulars within the wellbore. The 
primary solid tubulars traverse the first subterranean zone and the slotted 

5 tubulars traverse the second subterranean zone. The slotted tubulars and the 
solid tubulars are fhiididy coupl«L The passage of fluids from the first 
subterranean zone to the second subterranean zone within the wellbore external 
to the solid and slotted tubulars is prevented. 

A method of extracting materials from a producing subterranean zone in a 

10 wellbore, at least a portion of the wellbore including a casing; has been described 
that includes positioning one or more primary solid tubulars and one or more 
slotted tubulars within the wellbore. The primary solid tubulars are fluidicly 
coupled with the casing. The slotted tubulars traverse the producing subterranean 
zone. The producing subterranean zone is fluidicly isolated from at least one other 

15 subterranean zone within the wellbore. At least one of the slotted tubulars is 
fluidicly coupled with the producing subterranean zone. In a preferred 
embo diment , the method farther includes controllably fluidicly decoupling at least 
one of the slotted tubulars from at least one other of the slotted tubulars. 

Although illustrative embodiments of the invention have bean shown and 

20 described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. a system for extracting fluidic materials from one 
or more subterranean formations traversed by a 
5 wellbore, comprising: 

one or more solid tubular members positioned 
within the wellbore, one or more of the solid tubular 
members including one or more external seals; 

one or more slotted tubular members positioned 
10 within the wellbore coupled to each of the solid 

tubular members for extracting fluidic materials from 
one or more of the subterranean formations; and 

a shoe positioned within the wellbore coupled to 
one of the slotted tubular members; 
15 wherein one or more of the solid tubular members 

are radially expanded into intimate contact with the 
wellbore . 

2. The system of claim 1, further comprising; 
20 one or more intermediate solid tubular members 

coupled to and interleaved among the slotted tubular 
members , one or more of the intermediate solid tubular 
members including one or more external seals. 

25 3. The system of claim l, further comprising one or 

more valve members for controlling the flow of fluidic 
materials through the solid tubular members. 

4. The system of claim 2, wherein one or more of the 
30 intermediate solid tubular members include one or more 
valve members for controlling the flow of fluidic 
materials through the intermediate solid tubular 
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members . 



5. A method of isolating a first subterranean zone 
from a second subterranean zone in a wellbore, 
5 comprising: 

positioning one or more primary solid tubular9 
within the wellbore, each of the primary solid 
tubulars traversing the first subterranean zone; 

positioning one or more slotted tubulars within 
10 the wellbore, each of the slotted tubulars traversing 
the second subterranean zone; 

fluidicly coupling the slotted tubulars and the 
solid tubulars; and 

preventing the passage of fluids from the first 
15 subterranean zone to the second subterranean zone 

within the wellbore external to the solid and slotted 
tubulars by radially expanding at least one of the 
primary solid tubulars into intimate contact with the 
wellbore. 

20 

6 V A method of extracting materials from a producing 
subterranean zone in a wellbore, at least a portion of 
the wellbore including a casing, comprising; 

positioning one or more primary solid tubulars 
25 within the wellbore; 

fluidicly coupling the primary solid tubulars with 
the casing; 

positioning one or more slotted tubulars within 
the wellbore, the slotted tubulars traversing the 
30 producing subterranean zone; 

fluidicly coupling the slotted tubulars with the 
solid tubulars; 
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fluidicly isolating the producing subterranean 
zone from at least one other subterranean zone within 
the wellbore by radially expanding at least one of the 
solid tubulara into intimate contact with the wellbore; 
S and 

fluidicly coupling at least one of the slotted 
tubulars with the producing subterranean zone. 
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7, The method of claim 6, further comprising: 

10 controllably fluidicly decoupling at least one of 

the slotted tubulars from at least one other of the 
slotted tubulars. 

8, The system of claim 1, wherein the one or more 
15 slotted tubular members comprises a plurality of 

slotted tubular members coupled to the solid tubular 
members , each slotted tubular member comprising a 
tubular member defining a longitudinal passage and one 
or more radial passages fluidicly coupled to the 
20 longitudinal passage. 

9. The method of claim 5, wherein positioning the one 
or more slotted tubulars comprises positioning a 
plurality of slotted tubulars within the wellbore, each 

2S slotted tubular comprising a tubular member defining a 
longitudinal passage and one or more radial passages 
fluidicly coupled to the longitudinal passage, 

10. The method of claim 6, wherein positioning the one 
30 or more slotted tubulars comprises positioning a 

plurality of slotted tubulars within the wellbore, each 
slotted tubular comprising a tubular member defining a 
longitudinal passage and one or more radial passages 
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fluidicly coupled to the longitudinal passage. 



11. An apparatus, comprising: 

one or more solid tubular members positioned 
5 within a wellbore, each of the solid tubular members 
including one or more external seals/ 

one or more slotted tubular members positioned 
within the wellbore coupled to the solid tubular 
members ; and 

10 a shoe positioned within the wellbore coupled to 

one of the slotted tubular members; 

wherein at least one of the solid tubular members 

and the slotted tubular members are formed by a radial 

expansion process performed within the wellbore in 
15 which at least one of the solid tubular members and the 

slotted tubular members are radially expanded into 

intimate contact with the wellbore. 

12. The apparatus of claim 11, further comprising; 
20 one or more intermediate solid tubular members 

positioned within the wellbore coupled to and 
interleaved among the slotted tubular members, each 
intermediate solid tubular member including one or more 
external seals; 

25 wherein at least one of the solid tubular members, 

the slotted tubular members, and the intermediate solid 
tubular members are formed by a radial expansion 
process performed within the wellbore in which at least 
one of the solid tubular members, the slotted tubular 

30 members, and the intermediate solid tubular members are 
radially expanded into intimate contact with the 
wellbore. 
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13. The apparatus of claim 12, wherein one or more of 
the intermediate solid tubular members include one or 
more valve members for controlling the flow of fluids 
between the solid tubular members and the slotted 
tubular members. 

14. The apparatus of claim 11, further comprising one 
or more valve members for controlling the flow of 
fluids between the solid tubular members and the 
slotted tubular members. 



IS. A system for extracting materials from a producing 
subterranean zone in a wellbore, at least a portion of 
the wellbore including a casing, comprising; 
15 means for positioning one or more primary solid 

tubulars within the wellbore; 

means for f luidicly coupling the primary solid 
tubulars with the casing; 

means for positioning one or more slotted tubulars 
20 within the wellbore, the slotted tubulars traversing 
the producing subterranean zone; 

means for fluidicly coupling the slotted tubulars 
with the solid tubulars; 

means for fluidicly isolating the producing 
25 subterranean zone from at least one other subterranean 
zone within the wellbore ; 

raeans for fluidicly coupling at least one of the 
slotted tubulars with the producing subterranean zone; 
and 

30 means for radially expanding at least one of the 

solid tubulars and the slotted tubulars into intimate 
contact with the wellbore. 
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16. The system of claim 15, further comprising: means 
for controllably fluidicly decoupling at least one of 
the clotted tubulars from at least one other of the 
slotted tubulars. 

5 

17. The system of claim 15, further comprising means 
for positioning a plurality of slotted tubulars within 
the wellbore; wherein each slotted tubular consists of: 

a tubular member defining a longitudinal passage 
10 and one or more radial passages fluidicly coupled to 
the longitudinal passage. 
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WELLBORE CASING 
Cross Reference To Belated Application* 

This application daima the benefit of the filing date of ILS. Provisional 
Patent Application Serial Number 80/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbare casings* and in par ticular to 
wellbore casings that are formed using «r»p»™i«KUi tubing. 

Conventionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drillmg fhrid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed in a lower borehole interval is lowwed through a {weviousty 
installed casing of an upper borehole interval. As a consequence of this procedure 
10 the casing of the 1 ower interval is of smaller diameter than the casing of the \ ipper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. .Cement annuli are provided between the outer 
surfaces of the casingB and the borehole waU to seal the casings 
walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increaaed costa dnt> tn Wcy mrting K^n^hig equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hoi e diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Hie present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

26 Snnunary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes InstalHn^ 



in the borehole, injecting flui die material into the borehole, and radially expa nd i n g 
the liner in the borehole by extruding the liner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A tubnlar liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an region between the tubular liner and the new section of the borehole. 

The annular region between the tubular liner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
xnandreL A nan hardenable fluidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular Knar is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured . At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed- 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubiilar member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluidpassage. The tubular member is coupled 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that i ncl u d e s a support member, an 
SO expandable mandrel, a tabular member, a shoe, an^ 

The support member includes a first fluid passage, a s econ d fluid passage , and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and "re ludeg & third Quid passage. The 
tubular member is coupled to the mandrel end includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tabular membe r 

According to another aspect of the present invention, a method of joining 
a second tabular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pressurized and the second tubular member is extruded ofiT of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing member s 
15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a weUbore casing is 
provided that i nclu des a tubular liner and an annular body of a cured fluidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weDbore casing is provided thut in cfadpg fl tubular liner and an 
annular body of cured fhiirtic Ruling material The tubular liner is formed by the 
process of extruding the tubular Hner off of a mandreL The annular body of a 
25 cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that include* a support member, a 
mandrel, a tubular member and a shoe. The support member includes a firetfluid 
passage. The mandrel is coupled to the support member. Tha mandrel includes 
30 a second fluid passage operahjy coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drillable, 
Thetobularmemberiscoi^rftothenum^ The shoe is coupled to the tubular 
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member. The shoe i™-hid«»* a third fluid passage operabry coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
em bodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 HG, 3 Ua fragmentary croas-eectioiiid view illustrar^ 

first quantity of a hardenable fluidk sealing material Into the new section of the 
well borehole. 

HG. 3a is another fragmentary cro^ 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-aectional view illustrating the drilling out of 
20 a portion of thr mr»$ har denab le fluidie sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cms-sectional illustration of a weUbore including a pair of 
adjacent overlapping casinga. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tabular member. 
5 FIG. 10c is a cross-flections! illustration of the pumping of a fhndic sealing 

material into the annular region between the tubular mrmber and the existing 
casing: 

FIG, lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandreL 
10 FIG. lOe is a cross-sectional ffluatratam of the extrusion of the tubular 
member off of the mandrel. 

FIG. lOf is a cross-sectional U 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
25 created using an expendible tubular member. 

FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. lib is a f ra g ment ary cross-sectional viewilhifltraiing th*» placement of 
an tanbodiment of an apparatus 
20 of the well borehole. 

FIG. 11c is a fragmentary croea-aectional view illustrating the injection of 
a first o^iantity of ahardenabte 
well borehole. 

FIG. 1 1 d is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the weUborehoie. 
FIG. lie b a fragmentary croaMocti^ 
a second quantity of a hardenable Onidic sealing material Into the now section of 
the well borehole. 

FIG. llf is a fragmentary crass-section^ 
30 of the tubular liner. 



Detailed Description of the IDnstntive Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be j oined using an over lapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 

10 member to be supported by an existing tubular member by e xpanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimise* the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tub ular member is also provided- The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits actfacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed 

In this manner, in the event of a malftinction in a dovmhole region, the apparatus 
may be easily removed. 

An apparatus and method for hangfag an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
ut ty^bod wti wr^fftiTig' lynrti^m of mutng. The apparatus and method further have 
application to the joining of tubular members in general 



Befenng initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a weUbore casing within a subterranean formation will now be 
described. Aa fltastxated m Fig. 1, ^ 

formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form anew section 130. 

As fflustrated in Fig. 2, an apparatus 280 for forming a wellbore casing in 
10 a subterranean formation is then positioned m the newsectto 

100. The apparatus 200 preferably indndes an eqsandable mannW or pig 205. a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, aflnid passage 240 t seals 245, and a support 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially imflAhlA expandab le "mndrets modified in 
accordance with the teachings of the present disclosure. In a preferred 
20 embodiment, the expandable mandrel 2(» comprises ahydi»uite expansion tool as 
disclosed in US. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 2 10 is supported hy the ^ tmdral 205, The 

25 tubular member 210 is expanded m U» radial direction ai^ 

expandable mandrel 205. The tubular member 210 may be fabricated from any 
nuinberofconvimtioi^co^ 

Oilfield Country Tubular Goods (OCTTQ), 13 chromium steel tubingteasing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
30 fabricated from OCTG in order to maximise strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
appitamiately0.76to47 In a preferred 
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embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 frirhpg and 3.5 to 16 inches, respectively in order to optimally 
provide formal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

ia slotted, perfomted, or otherwise mo<Medto<atchorslowdowntiieTxiandr€L2M 
when it completes the extrusion of tubular member 210. In a prefe rred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length, 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal II Down^et float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
frn rhingg of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aJuininum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, mo dified in 

20 scwrdanrf ^ifo \ h * t*>«rliing» nf thp prramt disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 in^ 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealingmaterial into the 
region outside the shoe 215 and tubular member 210. In a prefer red embodiment, 
the s hoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart arid/or a ball b In tJ^majmer, the fluid passage 240 

can be optimally sealed ofl^ introducing a plug, dart and/or ball sealing elements 
into the fluid passage 280. 



-.8- 



The lower cup aeal 220 is coupled to and supported by the support member 
250. The lower cup seal 22 0 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
6 available cap seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
fromHallibnrtoiiE^^ 
materia] and contain a bcxfcr of lubricant 
10 m upper cup seal 226 ib coupled to a^ 

250. The upper cup teal 225 prevents foreign material 
region of the tubular member 210. The upper cap seal 225 may comprise any 
number of conv en tiona l commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton Energy Services m Dallas, TXin order to optimaUy 
block the entry of foreign materials and contain a body of hibrkant . 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 belw the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandr el 205, The fluid passage 230 is preferably positioned along a centexiine of 
the apparatus 200. 
25 Tb^ fluid passage 230 is preferably s 

operation, to transport materials such as drilling mnd or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 pMmqfrtinntft and 0 to 9,000 
pa in order to minimize drag on the tabular member being run an^ 
surge pressures exerted cm the wellborn 
30 and lead to hole collapse. 

The fluid passage 235 permits ftnirilr materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100 , fluidic Tn«tf^ fll<l 256 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluididy coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimlre surge pressures. The 
fluid passag e 235 is preferably positioned substantially orthogonal to the centeriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDona/minute and 0 to 
9,000 pai in order to reduce the drag on the apparatus 200 daring insertion into 
the new section 130 of the wellbore 100 and to minimi!* surge pressures on the 

15 raw wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
paaaage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other aiinllar device, to be plac^ 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 betow the expandable mandrel 205 can be 
fluididy isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region oftbe tubular member 210 below the expandable mandrel 205 
to be pressurired. The fluid passage 240 is preferably positioned subst antiall y 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, d rilling or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. seals 246 are further p^ 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260 ofthe tubular member 210 to be flnidicry sealed. The seals 245 may comprise 
any number of conventional commercially available seals such aa, for exam ple, 
10 lead, rubber. Teflon,^ 

the present disclosure. In a preferred umbodhnen^ the seals 845 are molded from 
Stratalo<iepo^ available ftxmiHa^ 

to optimally provide a load bearing interference fit between the end 260 ofthe 
tubular member 210 and the end 270 ofthe existing casing 115, 
15 In a preferred embodiment, the seals 246 are selected to optimaQy provide 

a sufficient frictional force to support 

existing casing 115. In a preferred embodiment, the fractional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 The support meinber 25^ 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiinent, the support n^ 

25 centraiizera (not Illustrated) to help stabfflxe the apparatus 200. 

In a preferred embodiment, a quantity of Uibricani 276 a ^ 
annular region above the expandable mandrel 205 within the interior of the 
tubular iDinnber 210. In this inanner,the catnip 

ofthe expandable mand^ Tbalnbrlcantm may comprise any 

30 number of coiiventi^ 

Lubriplata.duariro based ln^ 

(3100). In a preferred embodiment the lubricant 27S comprises 1PM) 
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Antisiexe (3100) available from Climax lazbricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to faciliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly c l ean e d 
5 prior to assembly to the rem aining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the possibility of foreign material dogging the various flow passages and 
valves of the apparatus 200. 

In r preferred hufmr* t%r aftgr positioning the apparatus 200 

10 within the new section 130 of the weflbore 100, a couple of weDbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weDbore 100 that might dog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed and a hardenahle 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 306 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallona/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
av ailab le pumping equipment, and fluid properties of the fluidic material being 
p umped The optimum flow rate and operating pressure are preferably determined 

30 usi ng conventional empirical methods. 

TV hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement get epoxy. In a preferre d embodiment, the 
hardanahle fhridic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while also mainlining optimum flow charaileristics so as to ininimize difficulties 
(hiring the displacement of cemeiiimfo The optimum blend 

of the blended cement la preferably determined using conventional empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 w i ffirifflt qwtt^ 

210, the annular region 815tf 
with material 305. 

In a particularly preferred embodiment, as iDuatrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 ia reduced in the 
16 regie* aflacert to the ma^ 

apparatus 200 mpratio^ Rirthennore, in 

this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated 

Aa illustrated in Fig. 4, once the annular region 316 has been adequately 
20 fl^ with material 305, a ph^ 

fluid passage 240 thereby fluidkly isolating the interior region 310 from the 
annular region 315. In a preferred emrxxtizneut, a nan-hardenable fluidic material 
306 ia then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the mtericr erf the expanded tubular 
25 not contain s ig nifi ca nt amounts encored material 305. Tmarediu^andein^lifiee 
the coat ofthe entire process Alternatively, the material 305 may be need during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tab ular 
niember 210 is extruded offof the expandable mandrel 205. During the extrusion 
30 process the e^andab^ 

the tubular member 210. In a preferred ernbodiment, during the extrusion 
process, the niand^ 206 ia raised 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore flection 130. in an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new weObore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluM passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The phlg 405 preferably acts to fluidicly isolate the hard enable fluidic 
10 sealing material 805 ft™ the nan haidenahla flnidk material 306. 

The plug 405 may comprise any number of ctmvrutlonal commercially 
av ailab le devices from plugging aflnid passage such as, for cxample,Mnltiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down pmg modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plu^ 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a nonhardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
aiid flow rates rangmg, for exam psiandSO 
20 to 4,000 pdltras/roin. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 2 10 is minimiz ed. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240 r 
the non hardenable material 30 6 is preferably pumped into the interior region 310 
at pressures and flow rates ranging finmiapproxiinatdy500to9,000pdand40to 
25 3,000 gallons /mln in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimis e 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects wffl be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thi<**A*fl nf thg hihnlar member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the waUthidoiesa.tha smaller 
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the inner diameter, and the greater the yield strength of the tubular member 210. 
then the greater the operating pressures required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular member 210 
5 off of the arpsnrift hl e mandrel will begin when the pressure of the interior region 
310 reaches, for example, approximately 500 to 9,000 peL 

During the extrusion process, the expandable inandrel 205 niay be raised 
out of the expanded portion of the tubular member 2 10 at rates ranging, for 
example, from about 0 to Sft/sec. In aprefcrred embodiment, (hirii^ 
10 process, the erpendable mandrel 205 m raised out ofthe expanded portion of the 
tubular member 210st rates nmgli«ftomabont0to2n^inerf«P«A m tTrim^ 
the time required for the expansion process iinilealaopenmmig easy control of 
the expansion process. 

When the end portion 260 of the tubular member 210 is extruded otTof the 
16 exp a n dab le mandrel 206, the outer surface 265 of the end portion 280 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an Quid tight overlappingjcint. The contact 
pressure of the overlapping joint may range, for example, from approximately 60 
to 20,000 pal In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from appnnrimately 400 to 10.000 psi in order to provide optimum 
pressure to activate the annular sealing members 246 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 




the sectton265ofthe expanded tabular 
26 and fhudic seal Inapartknlarfr preferred 

optimally provide a flnidk and gaseous anal mtbaoveTJappfajg joint 

In a pi^ftoxrwd embodiment, the operating pressure and flow rate of the non 
hardenablefliiidicinaterial3C^ 

expandable 

mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 inanner, the sudden releaae of pressure cans^ 

tubular member 210 og of the expendable mandrel 205 canbemfalmixed. In a 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

6 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 a nd the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 

20 210 is then removed maronvent^ 

uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a bit cr mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 2 10. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5 , preferably any rrnna ining cured material 305 within 
the interior of the expanded tubular member 210 is thro removed in a 
conventional ™inn»r using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 51 6 of cored material 80S. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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Ia a preferred embodiment, as illustrated in Fig. 6, the upper portion 2 60 
of the tubular member 210 hi chides one or more seating members 605 and one or 
more pressure relief holes 610. In tbia manner, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure- tight and the pressure on the interior and exterior 
surfaces of the tubule 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 xnexnbere«)5 are bonded or m 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
poaitianedin the last few feet of the tabular member 210. The pressure relief 
boles reduce the operating p 

the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity in turn mmhnitea the mechanical sbxick to the 
entire apparatus 200 upon the completion of the extrusion process, 

Referring now to Kg. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a wellborn preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710. a 
tubular member 716, afloat shoe 730, a tower cop seal 726, an upper cup seal 730, 
a fl uid passage 785, a fltdd passage 740,aeepport member 745, abodyofhibricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

26 The ex p a ndab le mandrel 705 is coupled to and supported by the support 

ineinber745. Tbeexpandabte mandrel 7<*iara^ 

mandrel container 710. The expandable mandrel 705 fa preferably adapted to 
controuabfy expend in a radial direction. The expandable mandrel 705 may 
comprise any numberof convention 
30 mod^meecordimcewitht^ 
ranbodmient.theexpandabto 

substantially as disclosed inUAPat No. 6,348,095. the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 716 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having 
thickness than the tabular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pr e fer r e d embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, die tubular 
member 715 has a substantially circular annular cross* section. 

The tubular member 715 preferably includes an upper section 805, an 
mterroediate section 810, and a lower section 815. True upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tabular 
member 715. Hie intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 7 1 5 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
fecfliate the initiation of the extrusion process and optimally permit the apparatus 
10 700 to be positioned in locations in the weflbore having tight clearances. 

The outer diameter and wall thickness of the upper section 806 of the 
tabular member 715 may range, to 1/8 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tuh^ilar memb«7l5 range from about3.5 
15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diame t er and wall thickness of the intermediate «wrtk ra 810 of the 
tubular member 7 15 may range, for example, from about 2J5 to 50 inches and 1/16 
to 1-5 tnches , respectively. In a preferred embodiment* the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/B to L25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular me mber 715 may range, for example, from about 2J5 to 50 inches and 1/16 
to 1.25 inches, respectively. In a preferred wnKwtiw^ t t the "nW <K*™* fcr mi? 
wail t hick ness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 178 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the tower section 815 of the tubular 
member 715 is farther increased to ixiorease the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used. 

The tubAilar member 715 preferably In 
SO a preferred embodiment, the end 

perforated, or otherwise modified to catch or slow down the mandrel 705 whan it 
completes the extrusion of tubular member 715. In a preferred embo diment , the 



.19- 



length Of the tllhnlny mcmhvr 7 1 fi ia Hmftori tr> minimi *a thfl possibility ^f>i ^tlm£r 

For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 inchtrips the fluid paasage 740. In a preferred 
embodiment, the shoe 720 further indudea an inlet passage 830, and one or more 
jet ports 835. In a particularity preferred embodiment, the cross-sectional shape 
of the inlet passage 880 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 for increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body of solid material B40 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phzg modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a wealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, IX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 715 and an existing v/ellbore casing, and to optim 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 706. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure In a preferred 
embodiment, the lower cup seal 726 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TK in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cap seal 730 prevents foreign materials ftom entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
6 cups or Selective Iqjectkm Packer (SIP) cup modified in accordance with the 
teachings of the preset In a preferred embodiment, the uppercupseal 

730 comprise* a SIP cup av 

in order to optimally provide a debris barrier aiui conta^ 

The fluid passage 735 permits ffuidic materials to bo transported to and 
10 (r^ the interior regi^ 

706. Ttefhiid passage 735 is fmidfc^ Tfcefluid 
passage 7S6 is preftaabrycoapW 

760, the support member 746, the mandrel container 710. and the expandable 
mandrel705. The fluid passage 735 prefer 
15 tothesurfacetotiebottomoftto 

is preferably positioned along a centexline of the apparatus 700. The fluid passage 
735 is preferably selected to transport m 

epoxies at flow rates and pressures ranging from about 40 to a.nnfl ^n™ «Anj n ntf> 
and 500 to 9,000 pen in order to provide euffirientoperatir^ 
20 the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Pigs. 1-6, during placement of the 
apparatus 7(X) withm ^ 

fluid passage 735 can be released m^ 

In a preferred embodiment, the apparatus 700 further includes a pressure release 
26 passage that is coupler 280, The 

pressure ndeaae passage!^ Tj^ 
pressure release passage preferably includes a control valve for controUably 
opening and closing the fluid passage. In a preferred embodfanent, the control 
vsJvBia pressure activatedmc^to The 
W> preaew release passage is p^ 

centerline of the apparatus 700. Tue pressure release passage is preferably 
«elected to convey materials such as 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimise surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in Guidk communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
ph lg rrr rrth*r mmilflr riprvtre, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block further passage of fluidk materials. In this maimer, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fhiidicry isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

16 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbare with fluidic materials. In a preferred embodiment , the fluid 
passage 740 include an inlet passage 830 haying a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtroduring a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In aprefern^einbodiment, the apparatus 7W 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 



-22- 



present disclosure. In a preferred embodiment^ the seals B45 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular mgmiMT 715 and ^ 
5 existing casing with optimal load bearing capacity to support the tubular member 
715. 

In apretoed embodiment, the seals 845 are selected to provide ft sufficient 
frictions! force to support the expanded tabular member 715 from the existing 
casing. In a preferred embodiment, the frictions! force provided by the seals 846 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tabular member 715. 

The support member 746 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
15 7(X> into a new section oft wellbore. l^atqjportmeinte 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embcxlmient, the support member 746 comprises conventional drill pipe available 
20 from various steel mills in the United St a t es . 

In a pre fer red embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 715. In this inannaT, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The hihricant 705 may comprise 
25 any number of conventional comnierciaUy available lubricants such as, for 
example, Lubriplatc, chlorine based lubricants, oD based lubricants, or Climax 
1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisiexe (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 
30 process. 

The overshot connection 756 is coin^led to the support member 745 and the 
support member 760. The overshot connection 755 preferably permits the support 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of aweHbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubmg orotic 
modified in accordance with the teachings of the present disclosure. In a p re f erred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outride diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally zninnnize 
buckling of the tubular member 715, The stabilizer 766 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks m o difi e d in accordance with the t eachings 

25 of the present disclosure. In a preferred enAodiment, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. Tn this manner, the Introduction of foreign material into the apparatus 700 
is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weUbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in aider to ensure that no 
foreign materials are located within the weUbore that mi ght clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 706 during the expansion process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a weUbore. 

10 ABgfastratedmFifcfl.manalti ^Ui^ 

and apparatus described herein is used to repair an existmg waUboro casing 805 
by forming a tubular liner 810 inside of the existing weUbore casing 805. In a 
preferred embodiment , an outer annular lining of cement is not provided in the 
repaired section. In the alternate preferred embodiment, any number of fluidic 

15 mating <m be us^ to expand the tubular b^ 

the damaged section of the weUbore casing such as, for example, cement, epoxy, 
slag mix, or drilling ami In the alternative preferred embodiment, sealing 
inembere 815 are prefarabhy provided 

to optimally provide a fluidic aeaL In an alternative preferred embodiment, the 
20 tubular liner 810 is formed within a horixonmUy poridor^ rp »>i™ m ~ h 
as those used to transport hydrocarbons or water, with the tubular liner 810 placed 
in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be 
damaged sections. 

25 In another alternativB preferred embodiment, the method and apparatus 
described harem is used to directs 1^ Ina 
^«J«^ fflnhfldhTHra t,anottt8rBnim 

the tubularhner 810 and the weUbore. In the idternatire preferred en*od^ 
any iiunmer of fluidic materials can be 
30 intimate contact with the wellbore such as, fijr example, cement, epoxy, slag mix, 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weDbore casing includes an expandable tubular 
member 902, a rapport member 904, an eipaiidiblemaiid^orpigSOe^daBhoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 permits easy removal of those elements by drilling them out. In this 
manner , the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods- 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 

10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
906 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croao sectio n. 

In a partic ttUr fr prf fr r H wn^immt, <m ffipfln am* tabular mgmW a 1 R 
is coupled to the upper portion 9 10 of the expandable tubular member 902. During 

15 operation erf the apparatus 900, the tubular member 915 is preferably extruded off 
of the mandrel 906 by pressurising the interior region 966 of the tubular member 
902. The tubularmember 915 preferah^has asubstan t ial iy annular crosinsection. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater *H<m the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, km alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902, 

25 In a particularly preferred embodinient; the tubular mem 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
app n m nnately the same yield properties as the tubular member 802. The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a pr e fer red embodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally prov^ a fmidic and/or 
gaseous seal with an existing section of weDbore casing. 
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In a p ref e r red embodiment, the combined length of the tubular members 
902 and 918 are limited to minimize the possibility ofbuckhng. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length- 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional oommerdafly available materials such am, for example, oilfield 
tubulars, low alloy steels, titanimiioratainleasBteela In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tabular* in order to optimally 
provide appr axmata^ t hesamemeohan^ pjopturtigflagthftttihtiUTTTiATriVii^pifi 
In a particularly preferred has a plastic yield 

15 point ranging from about 40,000 to 136,000 pal in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1/16 to 1.6 
inches. In a preferred enAodiment, the waU thickness of the upper, intermediate, 
20 and lower portions, 910, 912 and 914 of tha tubular niember 902 r^^ 

U8 to L2S incite to optmiaPy provide *Mr*mm t K flt firtr nbmit the game an 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less thm or eo^ 

910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhola 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 ofthe tubular member 902 m^ 

inches. In a r^refarred embodhn m t , the outer diameter of the upper, mtermediate, 
and lower portions, 910, 912 and 914 of the tubular nKarmer 902 range from a 
30 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonly used oflfieid tubolara. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 aramgrcially available tubular members modified in accordance with the tenrhingB 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various Uf>. steel mills. 
The tubular member 915 may comprise any number of conventional commercial^ 
available tubular members modified in accordance with the teachings of the 

10 present disclosure. In a pref e rr ed emb o diment the ti^^ 

Oilfield Country Tubular Goods available from various UfL steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular dements that are coupled end to 
end The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or ™™»>»"«^ from one piece. In a preferred embodiment, the various 

20 dements of the tubular member 915 are coupled using welding. The tubular 
mamber915maycojnpriaeaphH^ 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

26 The support member 904 preferably includes an inneratring adapter 916, 
a Quid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably support 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section, 

30 The support member 904 may be fabricated from any number of 
conventional coimnerciaUy available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The inneratring adaptor 916 preferably is coupled to and supported by a 
convention*] drill string support from a surface location. The inneratring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid paasage 918 uprefcraM 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fhiidicjy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenable ftridic sealing materials to and from the 
apparatusOOO. InapartjcnJarry preferred >m 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during petitioning of the apparata In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centeriine of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable flnidic materials at operating pressures 
ranging from about 0 to 9,000 pal 

The upper guide 920 is coupled torn 
904. The upper guide 920 preferabty is adapted to center to 
20 within the tubular member 916, The upper guide 920 may comprise any n umber 
of conventional guide members modified in aceornanoa wM> the fa***™^ 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
irmerstrtogadapter available from Halliburton Energy Service 
to optimally guide the apparatus 900 within the tubular member 915. 
25 lie cou^^ 922 cotmlea the support The 

coupling 922 prefexahhr comprises a ccgrantifmal thread^ connection 

Tha various elements of the support member 904 may be ompled using any 
number of conventional processes such as, for example, welding, threaded 
connectiona or machined nwc^ In a preferred embodiment, the various 
80 elements of the support member 904 are coupled using threaded ccmnections. 
The mandrel 906 preferably indudes a retainer 924, a rub 
expaiiHionMne928 i alov^ 
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934, en extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the hibricator mandrel 946, fabricator sleeve 
5 946, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the Iwtarinr region 072 of the failmlar member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SEP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Hslliburton Energy Services in Dallas , TX in 
order to optimally block foreign materials. 

In a particularly pre fe rred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1600 Antiaeize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to the lov/er cone retainer 930, ti» body 
of cement 932. the lower guide 934, the extensira sleeve 936 t the h 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented bytifilowcoGeretahw930,bousiug^ 



-30- 



and the tipper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the bocry of cement 9 32, the housing 940, and the upper cone 
retainer 944. 

The exps^sira cone 928 prefers^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of (he expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the expansion cone 9 28 ranges flrc>mabontO^ to 0J5inchea in ord^ 
to optimally provide adequate compressive strength ***** nl mjrtyr fa^ ^ e 
10 maximum and minimum outside di am e te r* ftfth* expansion cone ***** may range, 
for example, flrom shout 1 to 47 inches. In a preferred embodiment, the maximnm 
and TTimrmum outside diameters of the expansion cone 928 range from about 8.5 
to 19 in order to optimalfr provide expansion of generally available oilfield *">™lffTft 
The expansion cone 928 may be fabricated from airy number of conventional 
15 commeraaUyavailablema 

or low alloy steeL In a preferred emhodmi unt, the expansion cone 928 fa fabricated 
from tool steel in order to optipudfr provide high strength 
The surface hardness of the outer surface of the expanam 
example, fremi about 50 BockwellC to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone S28 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 830 is coupled to the expansion cone 928 and the 
housing940. In a preferred embodiment, s^ movement of the expansion cone 
928 is prevented by the tower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commerdalry availed 

steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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atrm g th » n d »KT*»"*^n re s is tance Tte surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the erpanmrm 

10 cone 928 are formed as an integral one-piece etement in order reduce the number 
of component* and increase the overall strength of the ap p a r ata s . The outer 
surface of the lower cone retamer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

Tbt body of cement 932 is positioned within the interior offhe mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, a lumin u m, cast iron or 
some other drillable metallic,, compc^te, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940 . 
25 During operation of the apparatus 900, the tower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular crosa-sectioiL 

The lower guide 934 may be fabricated from any number of conventional 
conimexcialry available materials such as, for example, oilfield tubulaxs, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 prefernb ly mates with the inner surface 
of the tubular member 902 to prmririp it wKrtfng fit 

The extension sleeve 936 is coupled to the lower guide 9M and the housirig 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The ertpnmon sleeve 936 preferably has a substantially fmmiipr cross-section* 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for wampl ^ oilfield 
tubular*, low alloy steel or stainless steel In a pref erred embodiment, the 
10 exten s ion sl e eve 936 is fabricated fromlowalhy steel in order to optimally provide 
high yield strength. The outar«irfeu»of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the n umb er of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 962 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a phig or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer Mfl hum n substantially TOB&-«yction, 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron, In a preferred embodiment, the spacer flSft \* fabricated fr»m a ^m™™ in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 
25 with the end of the extension tube 960. In a preferred embwiiinm^ thespacer 
938 and the BeaKngsleeve 942 are form 

to reduce the number of components and increaae the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operatic* of the epparet^ 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
p^Tmfffr crosc portion. 
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The housing 940 may he fabricated from any number of conventional 
commercially available materials such as, for example, oilfield lobulars, low alloy 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are farmed as an integral one-piece dement in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 frrh"*** one or more protrusions to fadliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably a 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aruminnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide driHabxLity of the sealing sleeve 942 . 

In a particularly p re fer red embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to facUiate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimise the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
Bealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900 , the upper cone retainer 944 preferably prevents axialirc 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from aluminum in order to optimally provide driHability of the upper 
6 cone retainer 944. 

In a particularly preferred embodiment* to 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a gross-sectional shape 
that is substantially I-ebaped to provide increased rigidity and numixnue the 
10 amount of material that would have to be drilled ouL 

The fabricator mandrel 946 Is coupled totbeietai&er8M t thenibberciq> 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 960. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section 

The lubricator mandrel 946 may be fabricated from any n umber of 
conventional commerriaUy available materials such as, for example, steel, 
ahTmfrmm or cast iron. In a pre fe rred fflnh oHrnipnt, the lnhrWnr manA™ } j P 
20 fabri cat e d from aluminum in order to optimally provide driUabflity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the nibbex cup 926, tte 

948, and the guide 960. During operation of the apparatus 900, the lubricator 
26 sleeve 948 preferably supports the rubber cup 928. Preferably, the lubricator 

fileeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

ahiminum or cast iron. In a preferred *™>™**™"t r thtr lubricator nlocro 918 in 
30 fabricated from a l uminum in order to optfanaDy provide driPability of the 

lubricator sleeve 948. 
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As illustrated in Fig. 9c, the fabricator sleeve 948 is supported by the 
lubricator mandrel 946. Thetabricator sleeve 948 in turn supports the rubber cap 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a p ref e r red embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tabular member 902. 

The guide 960 is counted to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 hag a gqbfftfflitifllfr annular m«ft*«rtfrm- 

The guide 950 may be fabricated from any number of conventional 
commercially available materials audi as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 962 preferably conveys hardeoable Quiche 
materials In a preferred enibodiment, the Quid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and Oow rate ranging from ahoutO to 9,000 psi and 0 to 3,000 galloMftnin in order 
to optimally provide pressures and flowrates to displace anddical nte 
the installation of the apparatus 900. 

The various elements of the mandrd 906 may be coupled 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and c ementin g. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of ceinent9W and the kwer portion 
914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 



-36- 



shoe 908 to facilitate the frrtmrirm and posxtioning of the tubular member 902. 
Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commer cially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide c Mllabflitv of th e housing 854 

In a particular^ preferred embodiment, the interior surface of the housing 
954 includes oiie or inore protrusions 
of cement 966and the housing 964. 
10 The body of cement flfifi k oonpled to the hogging «™* the TDfllmg friprvr 

958* In a p refian ed embodiment, the compfwrt kmof thebody rfceinent 956 is 
selected to permit the body of cement to be easily drilled out using conventional 

drilling TrmrKm«>q smA pn Kffft PPff . 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drfllable 
material such as, for example^ aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenablefluidic material fhmi the Ihiid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in nrdmr jn hfonfr hflH pnnble fluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment* during operation of the apparatus 900, the sealing aleeve 958 further 

25 inriiides an inlet geometry that permto 

lodged in the inlet of the sealing aleeve 958. In this manner, the fluid passage 962 
may be blocked thereby fhi^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
SO annular oxKHVsectian. The sealing aleeve 958 may be fabricate from any immb^ 
of conventional c ommerciall y available materials such as, for example, steel, 
ahjminnm or cast iron. In a preferred embodiment, the sealing aleeve 958 is 
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" fabricated from aluminum in order to optimally provide drillabiHty of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluid* 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fhiidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the Quid passage 962 is blocked 
thereby fhiididy isolating the mterior region 966 of the tubular member 902. In 
a p rft fe iTfrd ftmbodimfflt, rod " f the extension A6Q mates with one end of 
the spacer 938 in o rder to optimally f aciliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantial*/ 
annular crosa-eection. The extension tube 960 may be fabricated ftom any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide driDabiliiy of the 
extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the ex t ensio n 
tube 960, andoneormore outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In n r^'™**^^**™^ g™*"***™^ the fluid passage 962 
is adapted to convey hardenable fluidic materiala at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gaUona/mm in order too 
provide fluids at operationally efficient rates. 

30 The outletjets 964 are counted to the sealing sleeve 95*, the extend 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 inclndes a plurality of outlet jets 964. 

In a preferred emb^ 
the housing 954 and the body of cement 966 in ordex to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. 1^ to create a new section of casing in ft 
weflbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a weHbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wallbore casing in a subterranean 
formation is then positioned in the new section of the weHbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surfeco location into the fluid passage 913. The 
hardenable fluidic scaling material then pasaee from the fhaidp 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material than exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wafl of the raw s^ 
wellbore. Contimiedpuinpi^ 

material to fill up at least a portion of the annular region. 

Tbe hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for erainpl^ 

5,000 psiandOtol^gallons/^ In a preferred Embodiment, the 

hardenabb fluidic seaKngm 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hard enable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hard enable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenab le fluidic Bealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics bo aa to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the *nmil^ region has been adequately filled with hardenable fhiidic 

sealing Tnfl^*^ a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
prfffpm»d ffmV^iTTMfflt, thfl phig nr d*rt 074, or other rimflar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 isminimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. Daring the extrusion process, the mandrel 906 
is raised out of the e xp an ded portions of the tubular members 902 and 91 5 using 
the support member 904. During this extrnakm process, the shoe 908 is preferably 
substantial^ stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 9 74 m^ 

a conventional manner. The plug or dart 974 xn^y comprise any numb er of 
conventional commercial^ available devices for plugging a fluid passage such as, 
fox example, Multiple Stage Camenter (MSC) latch-down plug, Omega latch-down 
10 plug or three-wiper lat^ 

the present disclosure. Inapteferiedembod 

a MSC latch^down phig available from Halliburton Energy Service in T>»\l« r nr 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gaUonfi/min in order to optimally extrude the tubular menibers 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 offof the expandable inandr^ 
20 of the interior region In a preferred 

embodiment, the extrusion of the tubular menders 902 aiid 9 15 ofTof the inandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 pei with a flow rate of about 40 to 1250 gallon^minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp an de d portions of the tabular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodmient,dhmngtte extrusion 
process, the mandrel 906 is raised out of the expanded portly 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimal^ provide pulling speed fest enough to permit efficient operation and 
30 perinitftiU expansion of the tubule 

hardenable fluidic sealing material; but not so fast that timejy adjustment of 
operating parameters during operation is prevented. 
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When the tipper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the cater surface of tte 

915 will preferably contact the interior surface of the lower end portion of the 
eriffting casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 60 to 20,000 psL In 
a prefer r e d embodiment, the contact pressure of the overiappmgjoint between the 
upper end of the tubular member 915 and the printing section of wellbore casing 
ranges from approximatel y 400 to 10 r 000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance 

10 the tubular membOT 915 
compressive loads. 

In a preferred embodiment the operating pressure and flow rate of the non 
hardextable fluidk: material will be controUabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process begmning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process- 

In an alternative preferred embodiment, the operating present 
rate of the hardenable fluidk: sealing material and/or the non hardenable fhridk 
material are controlled during all phases of the operation of the apparatus 900 to 
miniioiie shock. 

25 Alternatively, or m combing 

member 904 in order to absorb the shock cawsed by the sudden release 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process ia completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment^ 

mandrel 906, the integrity of the fluidk seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. Ifthefluidic seal of the overlapping 
joint between the upper portion of the tulnilarniember 915 axid the lower portion 
of the existing casing is satisfactory, then the uncored portion of any of the 
5 hardenable flnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardanabfc flnidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any rernaming cured hardenabie fhridic sealing material within 
10 the interior of the expanded turn 

conventional mnrnw using a conventional drill string The refuting new section 
of casing preferably includes ti» expanded tubular membere9W 
outer annular layer of cored hardenable flnidic sealing materiaL The bottom 
portion of the apparatus 900 crnnprifring the shoe 908 may then be removed by 
15 drilling out the shoe 908 using convents nal drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 

to a malfu n ct ion. In thia circumstance, a conventional drill string is used to drill 

«t the interior sections c^t^ 
20 the remaining aectfons. In a preferred embodiment, the interior elements of the 

apparatus 900 are fabricated from materials such as, for example, cement and 

aluminum, that permit a con vantional 6^ string to be employed 

interior components. 

In particular, in a preferred exnbodiment, the composition of the interior 
25 sections of the mandrel 906 and shoe 908, mehiding one or more of the body of 

«ment 932, the spacer 938, the sea^ 

the fabricator mandrel 946^ 

954,thebc<frofcainent9a^ 

are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
mallhnction downhole, the apparatus 900 may be easfiy removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, 106% lOe, lOf; and lOg a method and 
apparatus for creating a tie-back liner in a wellbore wiQ now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first rairinp 1004 preferably includes a tubular liner 1008 and a cement 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment^ the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. lla-ll£ 

10 In a particularly preferred embodiment, an upper portion of the tubular 
liner 1012 overlaps withs kywei pprttonof^tnlnilsx liner 1008. In a particularly 
pief erre d embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluklic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 1 0b, in order to create a tie4>ack liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1130, a Quid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

The expandable mandrel or pig HQS is coupled to and supported by the 
support member 1160. The expandable mandrel HQS is preferably adapted to 
controUably expand m a radial direction* The ernnndahto mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in arrrrdan^ wit>* *h» tmM»fring *nf the present disclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No* 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in acconiance with the teachings of the 
present disclosure. 

30 The tubular member 11 10 is coupled to and supported by the ernandahVe 
mandrel 1105. The tabular member 1 105 is expanded m thereof 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 



labhcated from any number of materials such a* for example. Oilfield Country 
Tubular Goods, IS chromium tubiiig or pJastte In a preferred embodiment, 

the tubular member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubular member 1110 may range, for 
5 exa mple , from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1110 range from about 3 to 15 JS inches and 3J5 to 16 inclies,respe^vebr in order 
to optimal^ provide coverage for typical oilfield casing sizes. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possibility of buckling. For typical tubular member 1110 materi als, 
15 the length ofthe tubular member 1110 is preferabty u^ ted to between about 40 
to 20,000 feat in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1115includes the fluid passage 1135. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super SealHiloat shoe, SuperSe^ 

with a sealing sleeve fin* a latch down plug modified in accordance with the 
t eachings of the present disclosure. In a preferred enAodiment, the shoe 1115 
comp rises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug with side ports radiating offof the exit flow port available from Halliburton 
25 Energy Services in Da^ 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the cs^ 

isolate the interior of the tubular member 1100 after the latch dewn plug has 
seated, arid optimally p^ ahoe ui5 after completion ofthe 

30 expansion and cementing operations. 

In a preferred enAodlment, the s 
ports 1 140 in fiuidk coinmunteation with the fluid passage 1135. In this manner, 



the shoe 1115 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 11 10. In a preferred embodiment, the shoe 1115 
includes one or more of the Quid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed off by introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
such as, for rratmplf), TP cupe or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a STP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centertine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxiea at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permit* flnMicma^ 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a phig,^ 

passages 1140 to thereby block further passage of ftuidk materials. In this 
manne r, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. Thispermitstibe interior region ofthe tabular member 1110 d 
the expandable mandrel 1105 to be pressurized. 

The fluid passage* 1140 are preferably positioned akmgthe periphery ofthe 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epox^ 

about 0 to 3,000 gaBons/minute and 0 to 9,000 pgj in order to optimally ffll the 
annular region between the tubular meniberUlOaM the tulmlar liner 1008 with 
fluidie materials. In a preferred embodim^ 

inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 incmdes a singie 
inlet paasage coupled to the fluid passages 1140 thai is adapts 
20 or other amiilar device, to pern^ 
to be fluidicfr isolated 

The seals 1145 are coupled to and supported by s lower end portion ofthe 
tubular member 1110. The seals 1145 are farther posffioned on an rota 
ofthe lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between tl» upper end portkm of tte 

end portion of the tubular meinber lUOtobeflnidicr/sea^ 

The seals 1145 may comprise any number of conventional commercially 
available seals such aa, for example^ 

in accordance with the teachings of the present disclosure. In a preferred 
30 enibodiinent, the seals 1145 cmnpriae wmls molded from Statfadrw* ppr»y aOT fi n M» 
from Halliburton Energy Servfces m Dallas, XX m 
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hydraulic seal in the overlapping joint and optimally provide foadcainr^ 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient fxictional force to support the expanded tubular member 1 1 10 from the 
5 tubular liner 1008. In a preferred embodiment, the fractional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 M in tension and compression in 
order to optimally support the expanded tubular mpmber 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and aeal 1120. The support member 1150 

10 preferably comprises an aiinular member having sufficient strength to carry the 
apparatus 1100 into" the weHboro 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralixers (not 
illustrated) to help Btabftze the tabular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this marnw, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubripla te, chlorine based hibr knpfr or fHwwft* 1500 Antiseize (3100). 

20 In a preferred embodiment, the lubricant 1 150 comprises Climax 1500 Antieefce 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide fabrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the mtrpdoction of foreign material into the apparatus 1 100 la inmlmised. 
This minfairiiea the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 mchidea a 

30 packer 1155 coupled to the bottom section of the shoe 1115 for fluididy isolating 
the region oftheweBbore 1000 below the apparatus 1100. In this manner, fhaidic 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer In a preferred embodiment, the packer 
1 165 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas! TX In an alternative embodiment* a high gel strength pill may be set 
below the tie-bacJcmplaceofthe packer 1156. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
withm the wellbore 1100, a couple of weflbore volumes are circulated in order to 
10 ensure that no foreign rnateriili are located within the wellbore 1000 that might 
clog up the various flow passages and valves of the ap p aratu s 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

An flhiatrfttad in Fig ite, « haidenable flnMir ftf>Kn g Ttiotort«i ngo is thgp 

15 pumped from a surface location into the fluid passage 1130. The material 1150 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105, The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior waD of the 
tubular Uner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annuls* region. 

The material 1160 maybe pumped into the arinular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gailona/min, r*«pftr<ivpfr ma preferred oinbodime nt iigff iepumimd 

into the arinular region at pressures and flow rates specifically designed for t he 
rasing sizes being run, the annular spftftpg being filled, the ptimpnig equipm en t 
available, aiid the properties (rf The optimum flow rates 

mA pressures are p»fo^*My ^l^ifltfd using rrniy^tfAnfll fmrririral methods. 

30 The hantenable fluids 

conventional commercially available hardenable fluidic sealing materials audi as, 
for. example, slag mix, cement or epoxy. In a preferred embodiment^ the 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while mamtjifni^g optimum flow characteristics so as to mrniTniT.e 
5 operational difficulties during the diffplflfmon* ft f cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The pnmilAr region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
10 uTinntnr region will be filled with material 1160. 

An Dhlfltratfid m Fig, lfM. OaCC t* 1 * •Tmn\mwTt^rm has ndflqimtgfr fillad 

with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby Guidicly isolating the interior 
region of the tubular member 1110 ftw^ tV npnnlfir region ertgrnAl to the tubular 

15 member 1110. In a preferred enmcdrme^^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more pragB 1 166, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fluidic 

20 material In this manner, the amount of hardrmahle fluidic material within the 
interior of the tubular member 1110 is minhnized. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurised, the tabular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

26 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
mtroducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
convention al manner. The phigs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
bulla In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 har d enab le ftuidk material 1161 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 g&Uonsfain. 
In a preferred embodiment, after placement of the pings 1 165 in the flui d passages 
1140, the non hardenahle fluidic material 1161 is p re f er a bly pumped into the 
10 interior region of the tubular member 1110 below the inandrel 1105 at pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gsitona/min in order to optimally provide extrusion of typical tubulara. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandab le mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1 1 10 below the mandrel 1 105 reaches, for 
example, approximate* 1200 to 8500 psi In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandr el 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1 105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the expanriahk inandrel 1105 may be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec Inapreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1 110 at rales ranging from about 0 to 2 ft/gar in mim- tn np tm^lly 
25 provide permit adjustment of op erat i onal parameters, and optimally ensure that 
the extrusion process wfll be completed before the mslerial UW 

In a preferred embodiment 
1110 haa an internal diameter H05. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portion 

atleasttheweflborecasiQglOl^ Inapartkoi arfr prefemd embodiment, the seal 
ia effected by compressing the seals 10 18 betwem the expaiided section U80 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the r ^p*™^ section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 600 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, mibstantiaUy all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diame ter of the mandrel 1105- In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tabular member 1110 and the existing caaing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casingB 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controUahly ramped down when the e x pandable mandrel 1105 
reaches the Tipper end portion In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable niandrel 1106 can be minlTnixed In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the niandrel 1105 nas completed 

25 approximately all but about 6 feet of the extrusion process. 
Alternative, or m com 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in coiiibmation, an*im^ structure is provided 

30 in the upper end portion of the tubular member 1110 in o 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expa ndabl e mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the finidk seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular l?n « T 1108 is tested 
using conventional methods. If the *Md fr seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tabular member lllOis then removed in a conventional m*™^ The 
10 material 1160 within the annular region between the tubular noember 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. 1% preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner usinga eoaventfanal drill string. The resulting tie-back liner 
16 of casing 1170 indudes the eipenced tubular member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1156 is then preferably removed by 
drilling out the shoe 1116 and packer llfig using conventional drilling methods 
20 In a particularity prefer re d embodiment, the apparatus 1100 incorporates 
the apparatus 900. 

Referring now to Figs, lla-llf, an enibodiment of an apparatus and method 
for hangmga tubular liner off of ^ 

As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
26 formation 1205. The wellbora 1200 farftw^ nn Siting r-»~^ potion 1 ?1P having 

a tubular casing 1216 and an «mm1«T» outer layer cf cement 1220. 

In order to extend the weQbore 1200 mto the subterranean formation 1^^ 

a drill string 1226 is used in a well known ™»r>Ti»r to drill out material from the 

subterranean formation 1205 to form a new section 1280. 
30 As Illustrated m Fig. lib, an a 

in a subterranean formation is then positioned In the new section 1230 of the 

wellbore 100. The apparatus 1300 preferably includes an expandable mandr el or 
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pig 1305, a tubular member 1310, a shoe 1315, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the ^^"ip of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in US. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified m accordance w^ 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer b^iameters of the txdmlarm 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 Inches, respectively. 
In a preferred embodiment, the inner and outer diameters of tto 
1310 range from about 3 to 15.5 incheB and 3.5 to 16 inches, respectively in order 
tfr pptmSJr/prOVide ™fr**m»l tadwnpT^gfferi in the moat commonly encountered 

wellbore sizes, 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1380, and a lower portion 1365. In a 
preferred embodiment, the waUthk±nesa and outer diarneterrf 
1355 of the tubular member 1310 range from about 3/8 to 1 V* inches and 3 V* to 
16 inches, respectively. In a preferred embodiment, the wall thirlmefw and outer 

30 diameter of the mtermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tabular member 1310 range from about 3/8 to 1.5 inches and 3J5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 of the tubular member 1310 is less than or equal to the 
5 wall thickness, of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 to order to optimally facfllate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having ti ght clearances 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1855 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 13 10 materials, the length of 
15 the tubular member 1310 is preferably limited to b 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. Tie shoe 1315 may comprise 
airy number of conventional commercially available shoes such as, for example, 

20 Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in aoconlanoe with the teachings of 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing steeve far alatch-downptug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of thepresent disclosure, in order to optimally gnidetl* tubular member 
1310 into the wellbore 1200, optimally fluidity isolate the interior of the tubular 
member 1810, and optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and cementing opera tion al 

In a preferred embodiment, the shoe 1316 further includes one or more side 

30 outlet ports in fhiidlc comnrnTriration with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardimaM» flnidfc -"^ff material into the region 
outaide the shoe 1315 and tubular member 1810. In a preferred embodiment, the 
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shoe 1315 inrJiirfc*y the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a ping, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1346 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from ab<rat 0 to 31^ 

to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 13 10 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other shnflar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic m at e ri al* In this manner, 
the interior region 1370 of the tubular member 1310 below the ex p an d able 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300 . 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and p ress u res ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi tn order to optimally fill the nnnul a r 
region between the tubular member mOar^thenewsectionl230ofthfivfeubore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can begealedoffbyintroduringaphig t dart 
and/or ball sealing pigments into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
co mmunication with the fluid passage 1330. The fluid passage 1 335 is preferably 
positioned substantial^ along the centeriine of the apparatus 1300. Hie fluid 
passage 1335 is preferably selected to convey materials such as cement, drillin g 

10 mud or epoxies at flow rates and pressures ranging from about 0 to 3,000 
gaDonsAninute and 0 to 9,000 pel in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the weHbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported by the xn^er end portion 1355 

15 of the tubular member 1310. The seals 1340 are farther positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between Slower end portion of ^ 
the upper portion 1355 of the tubular member 1310 to be fluididy sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 
20 such as, for example, lead, rubber, Teflon, <vep<nry seals modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in o^ 

annuhis of the overlapping joint while also creating optimal load bearing capability 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optmally provide 
asufuaentfrictionol force torn 

existing casing 1215. In a pr e fe rred gmK^y,^ the friftfamal fore provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1346 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferahry comprises an fT*™»*» r member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weubore 1200. In a preferred 
embodiment, the support member 1346 further includes one or more conventional 
centralirers (not illustrated) to help stabilize the tubular member 1310. 
5 In a preferred embodiment, the support member 1846 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introfhirriOT frffr™*^ Tutorial fain the apparatus 1300 is toinimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1306 within the interior 
region 1370 of the tubular member 1310. The wiper phig 1350 includes a fluid 
passage 1375 that is coupled to the fluid passagB 1320. The wiper plug 1360 miry 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t eachings of the 
present disclosure. In a preferred embodiment, the wiper phig 1360 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
withm the new section 1^ 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process* 

As illustrated in Fig, lie, a hardenabte flnidic sealmgmatgrial 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fills the annular region 1390 between the exterior of the 
tubular member IS 10 and the interior wafl erf the new se^ 
1200. Continued pmnning of the material 1380 causes the material 1 380 to fill u p 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for pmmp]^ fam about 0 to 5000 psi and 0 to 
1,600 gallons/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallons/min, respectively, in order to optimally 
10 ful the aninilar region between tta 

of the wellbore 1200 with the hardenaMa flmalc teaHng material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement oar epaxy. In a prefer red embodiment, the 
15 hardenable fluidic sealing material 1380 comprises b le n de d cements designed 
specifically for the well Bectkin being drilled md nvnilnhlp fhnm HflTlih tirtrm Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 
snffldent quantities to ensure that, upon radial expansion of the tabular member 
1310, the annular region 1390 of the new section 1230 of the wellbo^ 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
25 filled with material 1380, aw 

into the flu i d p as sage 1320. The wiper dart 1^ is preferabfy 

fluid passage 1320 by a non hardenable flnttfr material 1381. The wiper dart 1395 

then preferably engages the wiper plug 1360. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 
30 wiper dartl395 with the wiper phig 1360 auises ^ wii)er phig 1360 to decouple 
from the mandrel 1305. The wiper dart 1396 and wiper phig 1360 then preferably 
will lodge in the fluid passage 1330 r thereby blocking fluid flow through the fluid 
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passage 1330, and ftaididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390, In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
ca using the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Durmg the extrusion process^ 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introducing the wiper dart 1895 into the fluid passage 1320 at a surface location 
in a conventional maimer. The wiper dart 1395 msy comprise any number of 
conventional commercially available devices fh>m plugging a fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs 
or three wiper latch-down phig/dart modified in accordance with the teachings of 

15 the present disclosure. In a preferred ^bodtnwnt, the wiper d^l395ccinpriaes 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services hi Dallas, TK. 

Aft CT b W^g fl "*rf pa«Mge 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
app roximat ely 0 to 6000 pd and 0 to 1,500 gaDons/mln in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimized 

In a preferred emlx>diment, after 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 s* pressures and flow rate^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 *™in»*"n the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximate^ 600 to 9 r 000 psi Ina 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmction of the tubular member diame ter, wall 
thickness of the tubular membe 

the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferab ly 
determined using conventional «™pMmf methods 

10 During the extrusion process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 13 10 at rates rang ing for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/eec in order to 

15 optimally provide an efficient process, optimally permit operator actfustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper aid portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1805, the outer surffcee ofthe upper end portion 

20 1355 oftie tubular mimiber 1310 wffl 

lower end portion ofthe casing 1216 to form an fhrid tight overlappipgjo^ The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the 

contact pressure 

ofthe overlapping jomt ranges fi^ 
25 optimally provide contact pressure mifffrimit to enaire amaubir provide 

enough resistance to withstand typical tensile and compressive load* Ina 

particularly preferred emhodfrnritt, the sealing members 1340 will ensure an 

adequate fhiidic and gaseous aeal in the overlapping joint 
In a preferred embodiment the op 
30 bardenahlefluidicmateriall38lM 

mandrel 1305 reaches the upper e^ 

In this manner, the sudden release of pressw 



of the tubular member 1310 off of the expandable mandrel 1805 be minimized.' 
In a preferred embodiment, the operating pressure is reduced in a sub st a n ti all y 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, orin f^mhinntiiwi » shock flhanrhgr is provided m the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the upper end portion 1355 of the tubular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fhiidk seal of the 

15 overlappingjoint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlappingjoint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 iff then mrnrvod in a mn^fmt i^ ppi m atmfrr ^be material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
wi thin the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

25 of ca sing 1400 inchidft th» p^rm™^ ^llmbir member 1910 and an outer annula r 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removedbydrillmgou^ 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 fi mnfl^ n hf» n Nyn ^^ftfTibff 1 that indnrtftn ir» <H '« 11 * f *g n twhniOT lirjerandamspdrel 
in the borehole. A body of fluidic material U then ir^ected into the borehole. The 
tubular liner is then radially expanded by extrading the liner off af the mandr el 
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The iqjaciing preferably includes injecting a hardenable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner; and a non hardenahle fluidic material into an interior region of the 
tabular liner below the mandrel The method preferabry includes fluididy 
5 isolating the annular regkm from the interior region before injecting the second 
quantity of the nan hardenable aeahng material into the interior region. The 
injecting the hardenable fluidic sealing material ia preferably provided at 
operating pressure* and flow 

gaOona/inhL The injecting of the nan hardenable fluidic material is preferably 
10 provided at operating preexurea 

and 40 to 3,000 gallon Vmfit The injecting ofthe nan haideoable fhddic material 
isprelerabr/ provide at reduced o 

portion of the extruding. The son hardenable fluidic material is preferably 
injected below die mandrel The method preferably m 
16 ofthe tubular liner below themandreL The region of the tubular liner below the 
mandrel is preferably pressurized to 

The method preferably mrfudefl fTuidicly isolating an Interior region ofthe tubular 
liner from an exterior region ofthe tubular liner. Tbe method further preferably 
include* curing the harden^ 
20 of tha cured wealing material located within the tabular Imor. The method tether 
preferabrymclndeficA 
The method further prefer^ 

liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner uaing the o^ 
25 casirjg. The method turthtt 

the overlap between the tubular liner and the existing wellbore casing. The 
method further jn^erA 

fluidkeeah^inaterid The inei^ farther 

preferably includes lubricating the surface of the mandrel The method further 
30 preferably includes absorbing abode Hie method further preferabry includes 
catching the mandrel upon the **™pH%D frfcmii™ g 



An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid paasage. 
5 The tabular member is coupled to themandreL The shoe is co^ed to the tabular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further Includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably inrhirifts one or more sealing members 
ad ap ted to foreign material ft*™ entering an interior region of the tabular 

member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from tte 

Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively- The tubular member preferably 
baa a plastic yield point ranging from about 40,000 to 135,000 pat The tubular 
member preferably includes one or more sealing members at an end portion. The 
tabular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion far slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port The shoe preferably is driUable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that includes pos it i on ing a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member off of the mandrel into engagement with the firrt 

member. The pressurizing of the portion of the interior region of the second 
tubular member is prefer^ 



600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
(hiring a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
6 further preferably inc l u de s supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
i nc lu de s rubricating the surface of the mandreL The method norther preferably 
includes absorbing shock. 

A liner far use in creating a new section of weflbore casing ina subterranean 
10 formation adjacent to an already existing section of weHbore casing has been 
described th at in c lud es an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that include* a tubular liner and an 
15 annular body of a cured fluidic fmlingmateriaL TrietnbiilarlrneriBfoimedry^ 
process of extruding the tubular liner off of a mandrel Tie tubular liner is 
preferably formed by the process of placing the tubular lino- and mandrel within 
the weUbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cored fluidic sealing material is preferably formed by the 
20 process of h^ecting a body 

region external of the tubular hner. During the pressurizing, the interior portion 
of the tubular ImOTiarOT 

tubular liner. The interior portion of the tubular liner is preferably pressuriied 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 

25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a Beal positioned in the overlap between the tubular lmerar^ 
weUbore casing. Tubular liner is preferably supported the overlap with the 
existing weUbore casing. 

A method of repairing an existing section of a weDbore casing within a 

80 boiehote has been described th^ 
within the weUbore cairf^ 

pressurising a portion of an interior region of the tubular Hn er , and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of dag mfrgj cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further f™fl»rW fhiididy isolating an interior region of the tabular liner 
5 from an exterior region of the tabular liner. In a preferred embodiment, the 
injecting of the bodj of fluidic material ia provided at operating 
rates ranging from about 500 to 6,000 psi' and 40 to 3,000 gallons/min. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reduced operatingpressures and flow rates during an end portion of the extruding. 
10 In a preferred embodiment, the fluidic matoial is injected below the mandrel In 
a preferred embodiment, a regkm of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressorired to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with the existing wellbare casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method ftirther includes supporting the 
extruded tubular liner using the existing wellbore easing. In a preferred 
embodiment, the meth^ 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred ym W ^\ method ftirther includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method ftirther includes catching the 
ma ndr el upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes fty p«"dfrig thf> mandrel in a radial direction. 

A tie-b ack finer for an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidk sealing 
material The tubular Knex is formed by the prorasa of extnidmg the tubular liner 
off of a mandreL The annnlar body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred emhrrimv»nt, the tubular liner is formed by the 
process of pladn g the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing; the interior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
500 to 9,000 psi. In a preferred embodiment,^ 
5 sealing material is formed by the procro 
sealing material into an annular regkm between the existing wellbore 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred ftmhrdfm^t, the tie-back liner 
further inchides a seal positioned m 
10 other existing weDbare casing. In a preferred embocfiment, tubular liner is 
supported by the overlap with the other existing weia>are casing. 

An apparatus for e xpandin g a tabular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. Tfce 
support member includes a first fluid passage. Tfce mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandr el 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operabjy coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is driUable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of t^ 

bearingmember. Preferably, the load bearing member comprises a drillable txxjy 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferabfy t the expansion cone islabrfcat^ 

consisting of tool steel, t^ Preferab^, the expansion cone has 

a surface hardnefw ranging firo about 68 to Preferably at least a 

portion of the apparatus is d rillable 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modi 

in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claim* be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, ff Hu pn^^g * 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting ftuidk material 

5 pressurizing a portion of an interior region of the tabular liner; and 

6 radially e xp a n d in g at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel. 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casin g, 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 
6 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidkfar isolating the annular region between the tubular liner and the ****** 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable Huidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular Uner off of the expandable m andrel; 

17 sealing the overlap between the tubular liner and the already exi s tin g 

18 nmmg; 

IS supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 testing the integrity ofthe seal of the overlap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion ofthe hardenable Quidk sealing material from 
26 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured fhiidk hardenable sealing nmter^ 

29 within the tubular liner. 

1 3. An apparatus for PTpanding a tubular member, comprising: 

2 a support member, the support member indudh^ a first flnid passage; 

3 a mandrel coupled to the support member, the mandrel Including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coaled to the tabular 1^ 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4, An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member inc lu di ng : 
S a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel iF^hirihig a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing elements; 

11 a shoe coupled to the tulmlar member, the shoe includin g: 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member; and 

14 orie ox more exhaust passages^ 

15 injecting fluidic material outside of the shoe; and 
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16 at Least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joining a second tubu^ 

2 first tabular member having an inner diameter greater than an outer diame ter of 

3 the aecond tubular member, comprising: 

4 pa ri tinnin g a mandrel within an interior region of the second tubular 

5 member; 

6 pressuriimg a portion of the interim 

7 and 

8 extruding the aecond tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an ATiwniflr member, the "^nl pr member including : 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more preasure relief passages at m 

6 member. 

1 7. A wellbore casing; comprising: 

2 a tubular liner, the tubular Irrw formed by the process of: 

3 extruding the tubular Hner off of a mandrel; and 

4 an annular ixxry of a cured ffuidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for Kning an existing wellbore casing, cxmiprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular finer off of a mandrel; mi 

4 an annular body of a cured lluldk sealing material coupled to the tubular 

5 liner. 
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19. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first Quid passage; 

3 a mandrel coupled to the support member, the mandrel including : 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drfllable; 

8 an r^p»Tir«hfe> tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubulfr r member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe ia drillable. 
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